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A PREUKNARY STUDY O F  THE SOLID-STATE BONDING 

OF THORIA DISPERSION STRENGTHENED NICKEL 

By T. T. Bales* and C.  R. Manning, Jr. * 

NASA Langley Research Center 

A preliminary investigation w a s  made t o  determine t h e  f e a s i b i l i t y  of 

joining a nickel-thoria composite by sol id-s ta te  o r  diffusion bonding. The 

parameters f o r  bonding i n  t h e  so l id  state for thoriated nickel  were estab- 

l i shed  a t  temperatures of 2,000' F and 2,150' F. Bonding parameters were 

s imilar ly  established f o r  t he  joining of thoriated nickel  t o  a precipi ta t ion 

strengthened superalloy a t  1,850~ F. The basic specimen f o r  determining the  

efficiency of t he  bond consisted of an overlapped tensile-shear specimen. Two 

s t ruc tu ra l  panels and a high-temperature engine blade were a l s o  bonded t o  

demonstrate t h e  p rac t i ca l  aspects of t h i s  joining method. A metallographic 

study of  t h e  bonded jo in t s  as w e l l  a s  a description of t h e  equipment and 

bonding procedures u t i l i z e d  i n  t h e  investigation are included. 

INTRODUCTION 

A continual requirement exists fo r  new o r  improved metals and metal-ceramic 

composites t h a t  w i l l  withstand t h e  severe environments associated with advance 

propulsion and thermal protection systems of aerospace vehicles. The materials 

required f o r  such applications must possess adequate elevated-temperature 

strength,  display good duc t i l i t y ,  re ta in  'resistance t o  oxidation, and be capa- 

b l e  of being formed and joined in to  useful  hardware. One material t h a t  has 
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shown promise i n  t h i s  respect f o r  temperatures ranging from 1,700° F t o  2,300° F 

i s  a nickel-thoria composite shown i n  figure 1. 

thor ia  dispersion strengthened nickel. 

and an iner t  second phase of thoria  indicated by the  s m a l l  par t ic les .  

t he  f u l l  potent ia l  of t h i s  material  o r  any similar type of material  can be u t i -  

l i zed  f o r  s t ruc tu ra l  application it i s  imperative that a sui table  method Of 

joining be available.  Unfortunately, composite materials such as the thori-  

ated nickel do not readily lend themselves t o  joining by conventional welding 

methods. 

r ials because the  i n e r t  second phase agglomerates i n  t h e  weld area. 

resu l t  i s  shown i n  figure 2. 

by electron beam welding shows an agglomeration of t he  thor ia  pa r t i c l e s  i n  the  

weld area. Th i s  agglomeration of the  thor ia  produced a w e l d  of re la t ive ly  low 

strength. (See ref.  1.) This problem of agglomeration can be avoided by 

joining t h e  material i n  a so l id  ra ther  than molten s t a t e .  

example, shows a jo in t  produced i n  thoriated nickel  by sol id-s ta te  o r  diffusion 

bonding. 

metallurgical bond was obtained. Diffusion bonding thus appears t o  o f f e r  a 

possible method f o r  joining thoriated nickel.  

This material  i s  known as 
I 

The material contains a nickel  matrix 

Before 

Dif f icu l t ies  are encountered i n  Joining t h i s  type of composite mate- 

This 

The photomicrograph of thoriated nickel  joined 

Figure 3, fo r  

It is apparent t h a t  no thor ia  agglomeration occurred and t h a t  a good 

Because diffusion bonding appears t o  possess cer ta in  advantages i n  joining 

composite materials over more conventional approaches, the  National Aeronautics 

and Space Administration a t  t he  Langley Research Center i s  currently conducting 

a preliminary investigation of so l id-s ta te  bonding techniques. The study in- 
, L 

eluded joining of simple overlapped tensile-shear specimens and a l so  included 

more complex specimens such as s t ruc tu ra l  sandwich panels. The specimens are 

being subjected t o  various tes ts  t o  determine s t rength and jo in t  in tegr i ty .  I n  



addition, a metallurgical study of the  joining process i s  being made and some 

indication of the joining parameters, namely, temperature, time, and pressure, 

a r e  being obtained. 

The sheet materials included i n  t h i s  investigation t o  date  have included a 

composite of 2-percent thor ia  and @-percent nickel  by weight and a precipi ta-  

t i on  strengthened nickel-base superalloy. The nominal thickness of each mate- 

r i a l  selected f o r  the study i s  0.020 inch. 

Several types of specimens a r e  currently being u t i l i z e d  i n  t h i s  invest i -  

gation. The first type designed t o  give basic data on the  diffusion bonding 

process i s  a s ingle  overlap specimen shown i n  f igure 4. 

t o  obtain the  shear s t rength of t h e  bonded joint .  

with acetone and water before bonding. 

the specimen by making a tack weld a t  the corners of the  overlap by means of a 

capacitor discharge machine. The second specimen shown i n  f igure  4 i s  a shear 

specimen used t o  determine the  basic shear strength of the  metal. 

This specimen i s  used 

The metal s t r i p s  a r e  cleaned 

The desired overlap i s  maintained i n  

The tensile-shear specimens were designed so that f a i l u r e  by shear of the  

An overlap distance equal t o  twice the  sheet thickness was jo in t  would occur. 

found t o  be sat isfactory.  

i s  undesirable and unavoidable. 

t e s t  r e s u l t s  on t h e  s t r i p  specimen f o r  the  eccentr ic i ty  of loading. 

Eccentricity of loading i n  t h i s  type of simple jo in t  

No attempt w a s  made t o  adjust  o r  compensate the 

Another type of specimen fabricated i n  t h i s  study of so l id-s ta te  bonding 
1 

included severa l  s m a l l  s t ruc tu ra l  panels. 

figure 5 was fabricated from 0.025-inch-thick thoriated-nickel sheet while the 

The panel shown i n  the  upper pa r t  of 
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multilayer panel i n  the  lower portion of the f igure was made from 0.0025-inch- 

thick dimpled sheet, 0.004-inch-thick i n t e r i o r  face sheets, and 0.010-inch- 

thick external face sheets. 

temperature engine blade. 

thoriated-nickel sheet. 

The specimen shown i n  f igure  6 i s  a high- 

This component w a s  fabr icated from 0.050-inch-thick 

The jo in t  produced by diffusion bonding i s  indicated. 

BONDING PROCEDURES 

Two different procedures were u t i l i z e d  i n  the  so l id-s ta te  bonding of these 

materials. One procedure involved the  application of pressure and heat f o r  

various times and required the use of reduced pressure (vacuum) t o  prevent oxi- 

dation of t he  faying surfaces. I n  the  second procedure the specimen w a s  sub- 

jected t o  pressure, heat was provided by the d i r ec t  res is tance heating of the  

par t  t o  be joined, and the  assembly was surrounded by an i n e r t  gas, argon, 

ra ther  than vacuum. 

The f ix ture  o r  bonding device t h a t  w a s  used t o  join the  s t r i p  specimens i s  

shown i n  f igure 7. 

tungsten bol t  tightened t o  a prescribed torque. 

The pressure w a s  applied by means of a 1/2-inch-diameter 

The compressive load applied 

fo r  any torque loading on the  specimen w a s  obtained from cal ibrat ion runs a t  

room temperature using a load ce l l .  The f i x t u r e  containing the specimens w a s  

then placed i n  the  vacuum furnace and held a t  temperature f o r  the necessary 

time. The f ix ture  used f o r  bonding the  sandwich panels i s  shown i n  f igure  8. 

This assembly consis ts  of a s t a in l e s s - s t ee l  r e t o r t .  Pressure on the  specimen 

w a s  obtained by clamping the  specimen against  t h e  base of the r e to r t .  
t 

r e to r t  was welded closed and connected t o  a punrping system t o  prevent oxida- 

The 

t ion  of the metal. The assembly w a s  then placed i n  a furnace f o r  bonding. 
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Another approach f o r  bonding u t i l i z e d  in  t h i s  study i s  shown i n  f igure 9. 

This setup u t i l i z e d  resistance heating of the specimen and argon gas t o  prevent 

oxidation. The short s t r i p s  were placed i n  the  fixture w i t h  each end attached 

t o  a water-cooled power lead. 

ceramic ram using a 10,000-pound screw powered t e s t ing  machine. 

s t r i p s  were then heated/ito the  bonding temperature i n  approximately 2 minutes 

by resistance heating. 

bonding operation. 

Compressive load was applied by means of a 

The sheet 

Argon gas was flowed through the quartz tube during the  

The bonding temperatures were maintained i n  t h i s  setup f o r  

times ranging from 1 t o  10 minutes. 

RESULTS AND DISCUSSION 

I n i t i a l  approaches t 

Bonding Parameters 

the  diffusion bonding of thoriated nick 1 ( re f .  1) 

indicated that the  mater ia l  could be bonded successfully i n  a furnace using the 

welded s t a in l e s s - s t ee l  r e t o r t  described i n  the preceding section. The pressure 

u t i l i z e d  i n  the r e t o r t  was 1 x mm of Hg, t he  temperature w a s  2,000' F, and 

the  time 24 hours. 

engine blade shown i n  f igure 6 were bonded by t h i s  technique. 

on this mater ia l  has been continued using a vacuum furnace with pressure 

ranging f r o m  1 x 10-5 t o  1 x 10-6 mm of ~ g ,  temperature ranging f r o m  2,0000 F 

t o  2,100' F and bonding t i m e  from 16 t o  24 hours. 

10,000 p s i  w e r e  applied. 

white residue formed on the  surface of t he  thoriated nickel  when the  pressure 

w a s  below 1 x 10-3 mm of Eig. 

hindered the so l id-s ta te  bonding process. 

Both of the  sandwich panels shown i n  figure 5 and the  j e t  

Further work 

Bonding pressures of 

During the  bonding study a t  2,100' F and above, a 

This r e s id i e  was considered t o  be thor ia  and 
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I n  an e f fo r t  t o  reduce the  bonding times, sol id-s ta te  resistance bonding 

techniques as previously described were attempted. 

indicated i n  f igure 10 i n  which the  shear strength of the bond i s  p lo t ted  

against  bonding pressure. 

1 minute a t  temperatures of 2,000' F and 2,150' F. 

l inear  relationship between bonding pressure and strength of the jo in t  up t o  a 

stress of approximately 35 ksi .  

35 ks i ,  which i s  approximately 70 percent of the base metal strength,  the  mode 

of f a i l u r e  changes t o  a t e n s i l e  f a i l u r e  of the  sheet. Because of eccent r ic i ty  

of loading and other e f fec ts ,  which have not been established, the f a i l u r e  of 

the  sheet occurred near the bonded jo in t  a t  a strength equal t o  80 percent of 

the base metal t e n s i l e  strength. 

a t  higher shear strengths would necessi ta te  a smaller overlap on the basic  

tensile-shear specimen. 

Note that bonding pressures of 12,500 p s i  and 8,000 p s i  a t  temperatures of 

2,000' F and 2,150' F, respectively, produced jo in t s  t ha t  could withstand a 

shear s t r e s s  o f  at l ea s t  35 ksi .  

strength o f  t he  bonded jo in t  a l so  decreased. 

formed on the  surface of the specimens bonded above 2,100' F a s  had been noted 

fo r  the  specimens bonded i n  a vacuum. 

symbols were obtained from specimens joined with the  use of the  tungsten f ix-  

ture without resorting t o  res is tance heating. 

with the other data; however, note that the bonding time w a s  16 hours i n  con- 

t r a s t  t o  the 1 minute u t i l i z e d  with the' specimen heated by the  resis tance method. 

The bonding parameters a r e  

Pressure i n  a l l  cases shown here was maintained f o r  

These r e su l t s  indicate  a 

After reaching a maximum shear s t r e s s  of 

Further e f f o r t s  t o  explore t h e  bonded jo in t s  

Some fur ther  e f fo r t  i n  t h i s  direct ion i s  contemplated. 

As the  bond pressure decreased t h e  shear 

It w a s  a lso noted that no residue 

Two test  points  indicated by t h e  dark 

These two re su l t s  are compatible 
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Figure 11 shows the  bonding parameters u t i l i zed  f o r  joining thoriated 
I 
I 
1 
I 

nickel t o  a prec ip i ta t ion  strengthened nickel  a l loy a t  1,850~ F. 

indicate that the shear strength of the jo in t  i s  a function of both pressure 

The r e su l t s  

l 

and bonding t i m e .  A similar r e su l t  was not obtained f o r  the  thoriated nickel  
I 
i alone. Extrapolation of these l i nea r  r e su l t s  t o  the estimated strength of the  

' thoriated nickel  suggests that a good metallurgical bond between the thor ia ted  

nickel  and the  nickel-ba'se superalloy can be obtained a t  bond pressures of 

25,000, 17,000, and 13,000 p s i  i n  1, 5 ,  and 10 minutes, respectively. Fig- 

ure  12 shows the microstructure of the  thoriated-nickel diffusion bonded a t  

1,850~ F t o  the prec ip i ta t ion  strengthened superalloy. 

bond appears t o  ex i s t  between the two materials. 

joining the materials a t  a lower temperature of 1,700° F by means of using a 

, i 

1 
l 

A good metallurgical 

Figure 13 depicts a means of 

~ 

I beryllium-copper in t e r l ea f .  
I 

The compounds formed i n  each bond a r e  being inves- 

1 t iga ted  f o r  s t rength and d u c t i l i t y  a t  t he  present time. 

J O I N T  STRENGTH AND IUIE;TAI;LURGICAL STUDY 

The shear s t rength of the sol id-s ta te  bonded materials w a s  determined from 

i tensile-shear t e s t s  at  various temperatures t o  2,000' F. 

thor ia ted  n icke l  a r e  shown i n  f igure 14 by the symbols. 

These r e su l t s  f o r  

A so l id  l i n e  has been 

drawn through these data. Shown also are the  ult imate t e n s i l e  strength of the  

thor ia ted  n icke l  indicated by the upper dotted curve and the  estimated shear 

s t rength of the mater ia l  indicated by the lower dotted curve. It is assumed 
* 

that the  ul t imate  shear s t r e s s  i s  60 percent of t he  ult imate t ens i l e  stress. 

This assumption was verified a t  room temperature where the  shear strength of 

t he  metal w a s  determined from the specimen shown i n  the  lower half  of f igure  4. 

This t e s t  result i s  shown by the  so l id  symbol. As noted previously, the strength 
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of the jo in ts  a t  room temperature w a s  approximately 70 percent of the estimated 

shear strength of the  material. 

uted to  the  bending i n  the  overlap jo in t  during tes t ing .  A fur ther  decrease i n  

strength i s  apparent a t  t he  higher temperatures, where a t  1,200' F and 2,000' F 

f o r  example, the  bonded jo in t  s t rength i s  only 60 percent and 40 percent, 

respectively, of the base material  shear strength. 

a combination of various phenomena! 

a t  elevated temperatures may not be equal t o  60 percent of t e n s i l e  s t rength 

found a t  r o o m  temperature. 

may have formed a t  the  or ig ina l  interface.  

should exhibit  a lower shear strength than the  dispersion strengthened material  

a t  elevated temperatures, but would be expected t o  have approximately the  same 

strength at  room temperature. 

nickel  layer and t o  es tab l i sh  the concentration of thor ia  i n  the  area of the  

jo in t ,  W h e r  detai led metallurgical s tudies  a r e  required. 

microanalyzer w i l l  be used i n  this addi t iona l  study. 

This decrease i n  strength i s  probably a t t r i b -  

This may be a t t r i bu ted  t o  

The tensile-shear strength of the material  

A t h in  nickel  layer  w i t h  a low tho r i a  concentration 

This re la t ive ly  pure nickel  layer  

In order t o  ver i fy  the presence of the  th in  

An electron probe 

Figure 15 shows the  microstructure of the  bonded jo in t ,  a f t e r  elevated- 

temperature tes t ing .  

t ens i l e  s t r i p  a f t e r  elevated-temperature shear t e s t .  

material  delaminated beneath the  o r ig ina l  in te r face  a t  t he  overlapped jo in t .  

This f igure  shows a portion of t he  bonded area of one 

It appears that the 

The ro le  of  surface f i n i s h  o r  roughness has not been investigated t o  b t e .  

It may assume importance f o r  cer ta in  types of materials.  

item i s  contemplated. 

su i t ab i l i t y  of various in te r leaf  materials and on the p o s s i b i l i t y  of bonding 

metals, par t icu lar ly  nickel, t h a t  may have an oxidation-resistant coating on 

the  surface. 

Some study of this 

Further e f f o r t s  w i l l  a l so  be made t o  invest igate  the 

a 



CONCLUDING REMARKS 

I A study of  several  so l id-s ta te  bonding techniques f o r  the joining of 

1 thoriated nickel t o  i t s e l f  and other nickel-base materials has been undertaken. 

The following conclusions are made from t h i s  preliminary investigation: 

1. Solid-state joining techniques appear t o  be feas ib le  f o r  joining nickel I 
1 dispersion strengthened materials. 

2. A l i nea r  relationship ex is t s  between t h e  bonding pressures and bond 

strength f o r  thoriated nickel  and a precipi ta t ion strengthened nickel 
I 

1 superalloy. 

I 
I 
~ atmosphere. 

3. Thoriated nickel  can be bonded by sol id-s ta te  diffusion i n  an argon i 

4. The amount of pressure necessary t o  form a sat isfactory bond i s  time 
I 

' dependent f o r  t h e  thoriated nickel  t o  nickel  superalloy jo in ts .  

3 .  No thor ia  agglomeration occurred during t h e  bonding process. 

6. The t i m e  necessary t o  obtain a sat isfactory bond apparently i s  great ly  
I 

reduced i f  res is tance heating i s  u t i l i zed .  

7. A more detai led study should be made of t he  elevated temperature t 
properties of diffusion bonded jo in t s  of composite materials.  

1. Manning, Charles R . ,  Jr., Royster, DickM., and Braski, David N . :  An Inves- 

t i ga t ion  of a New Nickel Alloy Strengthened by Dispersed Thoria. NASA 

TN D-1944, 1963. 

9 





rn rn 
Q) 
0 
0 
k 
PI 

rl 
a, 

4 

0 
U 

E 

I 

cu 



.r4 

a 
a, 
-P 
cd 

F 

.rl 
k 
0 
5 
a c 
0 
P 

=I 
4-1 
4-1 



a! 

- i t +  

I 

I 

I 

t 

z 
W z 
0 w 
Q, 
v) 

- 

a a 
W 
I cn 
A 
+ w z 
W cn 

a 

a 
m 

rn 

8 

m c 
e, a 

2 
fi 
a, 

Q) 
rl 



J w z 
61 

G 
a w 

J - 

m 
rl 
a, 
F: 
cd 
PI 

a 
a, a 

P 



a 
a, a 

P 



3 w 
E 



n 
-1 

$ 

I- rr 
0 
I- w 

/" 

m 
a, 

* 5 
.rl 
ho c 
a, 
a 
5 
m 

a c 
0 
P 

4J 
k 
0 
-P 
a, 
ffi 
I 

co . 



m 

w 
C 
.rl a 
C 
0 
P 
C 
0 
.rl m 
? 
k 
rcc 
4 a 
k 
0 
k 



I 

8 
0 
k - -K- z-r I 

o(3 
01 
01 

- 
W 

n 
W 

W 
I 
!z 1%- co - 

Y 

a 
a, 

1 
0 

c a: 
t 
W 
I- 
(3 
Z 

Z 
0 

- 
n 

m 

+J m I c 

I ,  a 
a, a c 
0 
P 

n 

m 
z 
0 

k 
0 

5 
M c 

U I I I I 1 I I I I 1 
0 0 0 0 0 0 

0 
rl 



rl 

8 
d c 
cd 

> 
3 - cn x 

W 
a2 

rn 
W 
02 

(3 z 3 -  
z 
0 
m 

c 

> =  

n 

-n  

U I I I I I I I I I 

0 
Ln e m cu - 

rl 

8 
.rl ckl 

c 
a, 
k 
% 

I 

l-i 
rl 



A w x 
0 
z - 

I 

L 

0 -  
D 

* .  
n 
W 

4 

r 
I- 

'k 
0 





, 

- O 

-P 
Ld 
m 
-P 
C 
-4 
0 
‘c3 

0 
0 
0 
Ni 

Wi 
E 
3 
I- 

O W  
O L  
-” z 

W 
I- 

0s 

a, 
k, 



. 

I 
z 
0 
l- 

z 

- 
a 
- 
2 a 
A w 
D 

9 

a 
a, 
+, 
a3 + 
a, 
rl 
Q) 

2 

2 

-+J 

rn 
0 
k 
V 

I 

L n  
rl 

NASA-Langley, 1964 


